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(54) VINYLIDENE FLUORIDE RESIN COMPOSITION 

(71) We, KUREHA KAGAKU KOGYO KABUSHIKI KAJSHA, a 
Japanese company of 8. Nihonbashi Horidome-Cho l-Chome, Chuo-Ku, Tokyo- 
To, Japan, do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly 
5 described in and by the following statement: — 5 
The present invention relates to vinylidene fluoride resin compositions which 
are highly flexible and highly resistant to thermal ageing. 
- . . F "? menl ,f,? f vinylidene fluoride resin have heretofore been used mostly for 
fishing lines. When a filament of vinylidene fluoride is wound on a spool it tends to 

10 develop a curl, because the resin has a high Young's modulus and does not 10 
straighten out when immersed in water. Therefore attempts have been made to 
produce a vinylidene fluoride resin filament which is more flexible and which does 
not so readily curl up as the pure polymer by incorporation thereinto of a 
plasticiser. Unfortunately conventional plasticisers tend to bleed out and give little 

15 benefit as regards the properties of the resin, and especially in the case of filaments 15 

this is a serious problem on account of the high surface area to volume ratio of a 
filament. 

Known methods of imparting flexibility to a resin include the addition of a 
plasticizer which is not a polymer, blending the resin with other polymeric 

20 material, preparing the resin in the form of a copolymer with other polymeric 20 
material and chemically modifying the resin. Of these, the addition of a plasticizer 
or the blending of the resin with other polymeric materials probably constitute the 
most convenient methods of imparting flexibility to a vinylidene fluoride resin 
because these methods merely involve blending processes. 

25 n ^ nly a few materia,s » however, are known to be compatible with vinylidene 25 
Pnww r ^ m< An exam P ,e of sucn a material is polymethyl methacrylate 
(PMMA). Certain low molecular weight materials which are known to be soluble 
m vinylidene fluoride resins are phthalic esters such as dimethyl phthalate (DMP) 
and dibutyl phthalate (DBP). It has been found, however, that mixtures of 

30 vinylidene fluoride resin with any of these materials have serious disadvantages. 30 
For example, in the case of PMMA, mixing of this with vinylidene fluoride resin 
does not provide the desired improvement in flexibility, and PMMA is thus useless 
for this purpose. Again, whilst DMP and DBP can impart a certain degree of 
flexibility to vinylidene fluoride resin when incorporated therein, each of these 

35 materials has a low boiling point at about 300°C. As a result, when a vinylidene 35 
fluoride resin, into which an appropriate amount of DMP or DBP has been 
incorporated, is melt-extruded at a temperature of the order of 300°C, the DMP 
and DBP vapourize off, and it is therefore impossible to control accurately the 
amount of these materials which are ultimately found in the extruded product 

40 Furthermore, both DMP and DBP tend to bleed out in a significant amount with 40 
the elapse of time after melt-extrusion of the resin. Accordingly, DMP and DBP 
are not suitable for practical use as plasticisers for imparting flexibility to 
vinylidene fluoride resins. 

Other materials known as plasticizers and which are compatible with 

45 vinylidene fluoride resin and are capable of imparting flexibility thereto, are 45 
polyesters having a molecular weight of between 1,100 and 5,000, which are 
obtained from an acid having from 4 to 8 carbon atoms and an alcohol having from 
4 to 7 carbon atoms (see for example U.S. Patent No. 3,541,039). However in 
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«»mpaiibilUyortTOSter^ffi«,iJ^^7 ,,n , w,th a ,P ol > e ««- the 

^o^ 

polyester which b^d,^ ftL^h^bteAd^W. S^^fEfS i*? 1 * amoum ° f 
type of group which is IbJSS^^K^ dependent u P on ,he 

plast^tt^^^ «*«*r weight 

a carboxylic acid group (-COOH) or in an vv ° f T h,cn tcrm »» a «« in 

via an ester linkage in a gToun derived from a 1 1 ydr ° X ^ rCUp ( ~° H > or - 
alcohol, each having a tJS^^MnmSbLr J^^ aac . M,a or a . monohydric 
12. All these polyesters tend to bleed I toriJ ™^ On . a,0 - n l? W* from 8 lo 
and are thereU not ^^^g^Sto^S**?*"** 

dicarboxylic acid having from A "to 6 carton aV«nl«?J2 I to 4 carbon at °"is and a 
or from 1 500 to 4 000 and V^h .„,} r .7. ?. 0ms ? nd havin 8 a molecu ar weight 
an «tTr Imkage ftS? Chai " ^ po 'y estcr """mating 

carbon atoms or monoTOc*^ f ^7S!?? , , , ^ f C,d H™" 8 rr0m ' 10 3 
out&S^ 

the conune^ ,SKS!i M l ° k mUCh '\ sser ex,em tnan 
mSula^ 

which has a molecular weieht of from i Vnn /iSS * m S from L 4 l ° 6 carbon atoms 
which terminates " a an ester Hnk?£ '.• 50 ° l » 4.000 and each end of the chain of 
or mmuS^nSMSSSTf^^ de ? Ved ft0m a mon o°asic acid 

for the product as o^utlined wevfouOv i, 1 n 6 chara " er '"'c features desired 

temDeratiir^ rt r in«r I ■ d, " lel ny«ormamide solution of 0.4 e/dl at a 

fSToj to |"1 Z ^^2«i?S*.« i « inherent viscosity of 

stretching workabih?" "XLSmJ^ST' °' workab »«>- 
of piK^uS^*" " ^ illUS,rated ,he f °"™"8 *"*lc examples 



s u . , Example I. 

resulting resin com ^hS!t^^}^\SL^^ V1SC0S " y ° f ,0 °- Th ' 
and then pressed at a temwrafure «f ?wr !? 6,1 31 3 ,em P erature of l90 ° c 
sheet 0.5 U thick. Th^S? °^ 3 " d 3 P .?"" re . of 150 ^ '"to a 
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Indian paper, and the resulting sandwich was left in a dry hot atmosphere at 80°C 
under a load of 0.1 kg/cm 2 for seven days and subsequently examined to determine 
the quantity of polyester which had bled out. The results are shown in Table 1. 
From Table 1 , it is apparent that the use of polyesters according to the present 

3 invention results in much lower rates of loss of polyester from the resin 
composition than does the use of commercially available polyesters (which 
polyesters generally have either end groups containing more than 3 carbon atoms 
or a molecular weight below 1500), and that the former polyesters are suitable 

m while the latter polyesters are unsuitable for use as plasticizers in vinylidene 

1U fluoride resin compositions. 
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It is apparent from Table 3 that the polyester userf ; n ,^^„^„ . . " 
present invention, even when present in a stretched I fiSent SfESSEZS* ,he 
composition exhibits good compatibility with the rSdene fluo,^ ^ ,ye$W i 
suffers little ageing degradation. Further" the use of such SL£SS« and 
addition gave only a slight reduction in the knot stren«^^ ? t ? Sa P las,lc,zer 
property for a fishing line. strength which is an important 

_, Example 4. 

The spun filaments obtained in Example 3 containing < k • L <• 
polyester were stretched and stored for a period ^nth^h^Wl^ 
period, each of the stretched filaments was wound ir °a sinele niv „n » , C £ d u° f th,S 
an outer diameter of 30 mm. and the resulting assembly wis IefH^thVr.' haV1 " 8 
at a temperature of 40°C for 48 hours. The alsembTy waTfhin rimnl??" 0V u" 
oven and the filament unwound. One end of tKnwotnd ni 3n ?°^ d fr Tfr 
clipped at its upper end and freely hung from that end Th» niT„ me . nt was L ,,ght,y 
in such a manner as to leave hanging a porUon me«urin^ i nltT" 1 V s ^ cut 
the clipped point and the veiticai'dSSiS from tedS^&Vg* f !? m r 
the portion was measured as an indication of »hVoT„i If? t0 * e free end of 
it was 72 cm. For a «^Z£^« t SStt^3£^ 

Experiment No. 9 of Table 1. The measured dU^c? intSc^wL 59 cm. 
WHAT WE CLAIM IS:— 

vnylidene fluoride resin P from 1 tS°S?ffb? weigh*, KShSS? ° f 

resin in a dimeth^^a^iMuUo^? £,"B uS KSSKS* 

has /n SlSrSSK^ AW .V^J^^^ 
resin in a dimethy.forJamide solution if o" ^SSlorC ^ 
4. A composition according to any of claims 1 toY iX^il .£ i C ' • 
expressed by the formula: ' wherem the polyester is 



° O 

11 « 



CH 3 -C-0-f-PG-AG-hPG-0-C— CH, 
2S5KS SSSffl ag S- *° "P—s an adipate 
cx P rLJd\TtW™l C : l ° ^ ° f C ' aimS ' 10 *■ wi,erein the P°'y«t- is 
O o 

II u 

CH,— C— 0-(-PG— AG-hPG— O — C— CH, 

sssts s^wwaa ss «jg represents an adipate 

expre'ssed'byTe Bff* 1 * ^ ° f ^ ' '° * wi,erei " lhe P 0 '^ « 



CHj-C— Q-(-PG— AG-^PG— O— C— CH, 
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T . v . Example 2. 

Example I was measured immediaiel> -X ^SS^^i^u^ ,m9 ' 
respecuvely. according to ASTM. D-U The Sts Se shown in Tabul 1 " 1 - 

TABLE 2 





Addition 
quantity 
(PHR) 


Young's modulus 
of elasticity 
(kg mm 1 ) 




Experiment No. 
of Example 1 


Initial 


after 
7 days 


Note 


(no polyester 
addition) 


0 


128 


130 


Control 


No. 9 


5 


100 


115 


Control 


No. 10 


5 


98 


105 


Present 
invention 


No. 11 


5 


102 


104 


Present 
invention 


No. 13 


5 


103 


105 


Present 
invention 



t inn , Example 3. 

o o 

II „ 
CH,— C— 0-(-PG— AG-fcrPG— O— C— CH, 

SkS&S -** «■ 1-ntities 

calculated in terms of kg/min^ The results are shown n? T^"e S 3? < ' bcini 

TABLE 3 



Quantity of 
polyester used 
(parts by weight) 


Young's modulus of elasticity 
(kg mm 2 , at 23 ; C) 


Knot strength 
(kg mm*) 

After storage 
at 60* C for 
one month 


Immediately 

after 
stretching 


After storage 
at 60 °C for 
one month 


0 


270 


275 


58.0 


3 


230 


235 


57.2 


5 


200 


205 


56.6 


7.5 


185 


195 


56.1 


10 


160 J 


170 


55.3 
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wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 3,000. 

7. A composition according to any of claims 1 to 3, wherein the polyester is 
expressed by the formula: 

O O 

f! II 

CH 3 — C — (M-B u — AG -)tjB u — O — C— CH, 

wherein Bu represents a butanediol radical and AG represents an adipate radical, 
said polyester having a molecular weight of 1,600. 

8. A composition according to any of claims I to 3, wherein the polyester is 
expressed by the formula: 




10 H — C — 0-(-PG — AG -WPG — O — C — H 10 



wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 2,100. 

9. A composition according to any of claims 1 to 3, wherein the polyester is 
expressed by the formula: 

O O 
if « 
15 CjH, — C — 0-(-PG — AG-^PG — O — C — C,H S 15 

wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 1,800. 

10. A vinyiidene fluoride resin composition according to claim 1 and 
substantially as herein described with reference to the Examples. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 

High Holborn House, 

52/54 High Holborn, 

London WCIV 6SH. 
Agents for the Applicants. 
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